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The popular VSI (Voltage source inverters) drives in use 
today are mostly PWM (pulse width modulated) drives. Harmonics 
produced by these drives cause heat losses, reduce the efficiency of the 
machine and also cause vibrations in the rotor. Active and passive filters 
are some of the methods to reduce the harmonics generated by these 
drives. A novel method is discussed which not only eliminates the 5th 
harmonic but also any other negative sequence harmonics. This method, 
based on a reactor circuit, shows a reduction in harmonics and an 
improvement in the efficiency of the machine.  The method can also 
reduce negative sequence harmonics produced by other non-linear 
devices. 
The VSI drive with and without the reactor circuit is modeled 
in ACSL (Advanced Continuous Simulation Language). Simulation 
results are provided. 
 
Keywords : Adjustable speed drives, harmonic dis tortion, pulse-
width modulation, reactor circuit, simulation and modeling, 
voltage source inverter. 
 
I. INTRODUCTION 
Harmonics cause distortion of voltage and current 
waveforms and they cause considerable concern to the power 
system as well as to the customers. The increasing use of 
adjustable-speed drives (ASD`s) in the industry is prompting a 
closer look at harmonic distortion. 
Harmonic voltage and current distortion in three-phase 
induction machine drives are discussed.  Comparisons are made 
with and without a reactor circuit meant to reduce or eliminate 
the fifth harmonic. The behavior of the reactor circuit in the 
presence of positive sequence, negative sequence and the zero 
sequence harmonics are also discussed. The reactor circuit is 
also used with a  Brushless DC (BDC) machine and an analysis 
is made with regard to its losses and efficiency. 
 
II. THE REACTOR CIRCUIT 
The concept of a reactor circuit was first introduced in 
[1].  Fig. 1 shows a basic reactor circuit for a three-phase system. 
In the figure Ea, Eb and Ec represent the three-phase voltage 
source which is later substituted by the voltage output from a 
three-phase PWM drive. 
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Fig. 1 Basic reactor circuit 
 
Eab represents the line-line voltage. The primary and secondary 
turns in the transformer shown are “N” and “n” respectively. A 
series reactance L is used as shown. The output voltage E0 is 
used to feed the load connected after this circuit. The equation 
governing the reactor circuit is [1]: 
 
)()( 000
2 dtdEKEEdtdEK ab tt -=+  (1) 
Where K= n/N and t= L/R 
 
The phase sequences of the harmonics are shown in 
Table 1. The influence of these harmonics on the reactor circuit 
can be studied using phasor diagrams. 
 
Table1. Sequence of harmonics 
Sequence Harmonic 
Positive  ----  + 1,4,7,10,13,16…. 
Negative ----  - 2,5,8,11,14,17…. 
Zero        ----  0 3,6,9,12,15,18…. 
 
 
A.  CASE I: 
Let us suppose that the voltage source consists of a 
fundamental frequency and a negative sequence harmonic. The 
phasor diagram of the fundamental (positive sequence) rotates 
with a speed of w rad/sec in the direction of the arrow as shown 
in Fig. 2a and the nth negative sequence harmonic rotates with 
a speed of nw rad/sec in the direction of the arrow as shown in 
Fig. 2b. Let the voltage magnitude of Eab be E1 and the voltage 
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 (a) (b) 
Fig. 2: Voltage phasor diagram of the fundamental and the nth 
harmonic. (a) Voltage phasor diagram of fundamental (b) 
Voltage phasor diagram of the nth harmonic (Negative 
sequence). 
 
From (4) when nKtw approximately equals Ö3, then the nth 
harmonic can be eliminated. 
 
B.  CASE II 
  
Let us suppose that the voltage consists of fundamental 
frequency component and an nth order positive sequence 
harmonic. The phasor diagram of the fundamental voltage and 
the nth harmonic voltage is shown in Fig. 3. Let the voltage 
magnitude of Eab be E1 and the voltage magnitude of Eabn be En. 
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Fig. 3: Voltage phasor diagram of the fundamental and the nth 
harmonic. (a) Voltage phasor diagram of fundamental (b) 
Voltage phasor diagram of the nth harmonic (Positive 
Sequence). 
 
This circuit does not reduce the negative sequence harmonics. 
Moreover they will increase due to the term nKtw which is 
present in the coefficient of En. So in order to eliminate the 
positive sequence harmonics we use other techniques such as 
passive filters. 
 
C. CASE III 
 
Let us suppose that the voltage consists of 
fundamental frequency component and an nth order zero 
sequence harmonic. The phasor diagram of the fundamental 
voltage and the nth harmonic voltage is shown in Fig. 4. Let the 
voltage magnitude of Ea be E1 and the voltage magnitude of Ean 






























eEjKKE  (10) 
 
This circuit does not reduce the zero sequence harmonics. The 
zero sequence harmonic component present in the output 
voltage cannot be reduced to any great extent. Though small 
amounts of zero sequence harmonics can be eliminated using 
this  circuit if we connect the output windings of the transformer 
in a delta connection, this technique is not used to eliminate 











 (a) (b) 
Fig. 4: Voltage phasor diagram of the fundamental and the nth 
harmonic. (a) Voltage phasor diagram of the fundamental (b) 
Voltage phasor diagram of the nth harmonic (Positive 
Sequence). 
 
 Due to the above reasons the reactor circuit can be 
used with circuits, which generate negative sequence 
harmonics. The other harmonics generated by the non-linear 
devices can be eliminated using other methods. A study of 
PWM-VSI and the effects of using this reactor circuit is studied 
next. 
 
III.  PWM-VSI 
 
This drive is used extensively in the industrial drives with 
different kinds of loads. There is reduction in the amount of 
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the circuit [2,3]. The drive used in this case is a three-phase 
rectifier-inverter bridge based on PWM with 1800 operating 
mode. The 5th harmonic is the major harmonic present in the 
voltage and current waveforms. A diagram representing the 
voltage source, converter, inverter and the induction motor is 
shown in Fig. 5. Dynamic simulations were carried out for the 
above drive using ACSL [4]. The voltage plot and its harmonic 
spectrum are shown in Figs. 6a and 6b. The current plot and the 
corresponding harmonic spectrum is shown in Figs 7a and 7b. 
Table 2 shows the percentage of harmonic distortion of the 
significant harmonic present in voltage waveform as introduced 
by the drive. Table 3 shows the percentage of harmonic 
distortion of the significant harmonic in the current waveform. 
  
We observe that the 5th harmonic is the most significant 
harmonic present in the harmonic spectrum and the next 
significant harmonic present is the 7th harmonic. The same is 













Fig. 5. PWM-VSI circuit. 
 



















Fig. 6a. The Voltage waveform introduced by the drive 
 
Table 2. Individual harmonic distortion of voltage waveform 
 
Harmonic present  % distortion with respect to 
fundamental 
5th Harmonic 19.81% 
7th Harmonic 14.4% 
11th Harmonic 8.9% 
13th Harmonic 7.8% 
The THD is 28.8%. The above results were obtained from 
ACSL simulations [4]. 
 















Fig. 6b.The harmonic spectrum of the Voltage waveform 
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Table3. Individual harmonic distortion of voltage waveform 
Harmonic present  % distortion with respect to 
fundamental 
5th Harmonic 20.19% 
7th Harmonic 10.33% 
11th Harmonic 4.16% 
13th Harmonic 2.99% 
The THD is 23.4%. Above results were also obtained from 
ACSL simulations. 
 
IV.  PWM-VSI WITH THE REACTOR CIRCUIT 
 
 The reactor circuit is introduced along with the PWM-
VSI as shown in Fig. 8. This circuit eliminates all the negative 
sequence harmonics. The voltage plot and the harmonic 
spectrum of the voltage plot after the circuit is introduced is 
shown in Figs. 9a and 9b. If we look at the voltage waveform in 
figure 9a it almost looks sinusoidal. The current plot and its 
harmonic spectrum of the current plot is shown in Figs 10a and 
10b. The current plot almost looks sinusoidal except for a 




































Fig. 9a. The output voltage waveform from the reactor circuit  
Tables 4 and 5 show the harmonic distortion of voltage and 
current waveforms respectively of each significant harmonic as 
percentages of the fundamental. 
 
 
Table 4. Voltage harmonic distortion after the introduction of 
the reactor circuit with R=100 Ohms. 
 
Harmonic present  % distortion with respect to 
fundamental 
5th Harmonic 2.49% 
7th Harmonic 13.2% 
11th Harmonic 1.54% 
13th Harmonic 2.49% 
 
The THD is 13.9% at R=100 Ohms. 
 
 
Table 5. Current harmonic distortion after the introduction of 




% distortion with respect to 
fundamental 
5th Harmonic 2.04% 
7th Harmonic 12.72% 
11th Harmonic 0.143% 
13th Harmonic 0.235% 
 
THD after the introduction of reactor circuit is 13.1%. 
 
 















Fig. 9a. The harmonic spectrum of output voltage waveform 
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Figure 10b. Harmonic spectrum of the current waveform 
 
V.RESULTS AND DISCUSSION 
 
 The reactor circuit could successfully reduce the 
negative sequence harmonics (5th and 11th).  Comparing Tables 2 
and 4, we notice that there is a reduction of 87% in magnitude of 
5th harmonic voltage and a reduction of 84% in magnitude of the 
11th harmonic voltage. We also notice that there is not much 
change in the positive sequence harmonics – the 7th and the 13th 
harmonics. The THD of the voltage reduced from 28.8% to 
13.9%.  Comparing Tables 3 and 5 we observe that there is a 
reduction of 90% in the 5th harmonic and 97% in the 11th 
harmonic.  Again, there is not much change in the positive 
sequence harmonics. The THD of the current has reduced from 
23.4% to 13.1%. There is, however, a reduction of fundamental 
current due to the voltage drop in the reactor circuit.  
 
 The ratio of copper losses without the reactor circuit to 
the case with the reactor circuit is given by the formula 
(1+THD2Initial)I2fund : (1+THD2final)I2fund . The ratio can be 
evaluated to 0.4057:1. Copper loss reduction of 60% was 
possible with the use of the reactor circuit. Due to the reduction 
in the copper losses the efficiency of the machine is increased.  
VI. CONCLUSION 
 
The reactor circuit can reduce negative sequence 
harmonics, reduce copper losses and improve efficiency of the 
operating load. Though this circuit cannot reduce the positive 
sequence harmonics, other methods such as passive or active 
filters can be used to eliminate or reduce these harmonics.  Fir 
example, a tuned filter can be used along with the reactor 
circuit to reduce the 7th harmonic - the second most 
predominant harmonic present in a PWM-VSI drive. To 
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